I HAVE recently expended a good deal of time over the problem of how and why an enlarged prostate prevents a patient from emptying his bladder, and I must confess that the more I consider the subject, the more complicated it appears. I am therefore bringing forward a theory, first in the hope of explaining my own conception of the mechanism of this type of retention, and secondly with the idea of inviting criticism, and learning the opinions of other workers in urology.
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OLD THEORIES. It would be easy to spend the whole of my time discussing the numerous theories that have been put forward to explain the phenomenon of prostatic retention, but they may briefly be grouped under four headings: (1) A primary lesion in the musculature of the bladder, in which case the enlargement of the gland only plays a secondary part. (2) Changes in the bladder sphincter due either to irritation or to anatomical disturbances of the parts produced by enlargement of the prostate. According to this theory spasm of the sphincter is supposed to be the prime cause of the retention. (3) Mechanical obstruction due to the enlarged prostate. The enlarged middle lobe was supposed to play a predominant part in obstructing the urethra, and I believe its r6le is comparatively insignificant. (4) Two or more of the above causes acting in conjunction with each other.
The first theory was propounded by Guyon to explain the fact that the amount of obstruction bears no relationship to the size of the prostate. As in some cases a very small prostate is accompanied by complete retention, while in others, where the gland is enormous, there is practically no residual urine, he considered that the retention was not due to the prostate, but to an arteriosclerosis of the bladder wall itself. Keyes [1] considers that the true cause of chronic retention lies in the bladder muscle, while that of acute retention is due either to congestion or spasm. Marion explains residual urine in a similar manner. He considers that the bladder muscle becomes fatigued in its struggle against the mechanical obstruction, and is therefore unable to force out all the urine. The good-results of prostatectomy, and the fact that manometric observations show that the intravesical pressure is not reduced, both tend to disprove this hypothesis.
Li Virghi [2] is the principal exponent of the second theory. He believes that the growth of the prostate irritates the sphincter, and throws it into a state of spasm. In the earlier stages of the disease, the spasm relaxes MY-U 1 [November 29, 1928. sufficiently to allow the urine to escape completely, though in a diminished stream: later on the relaxation only occurs during part ofthe time necessary for micturition, and the patient retains a portion of the contents of the bladder; in the last stage, the spasm is permanent, and the patient is in a state of complete retention. He goes so far as to say that if the sphincter of the bladder could alone be destroyed by a special operation, in cases of prostatic hypertrophy, one could, in a number of cases, dispense with a total prostatectomy in order to obtain a disappearance of the retention. He also considers that the good results obtained by prostatectomy are not due so much to the removal of the gland as to destruction of the sphincter. However, such a long continued spasm as Li Virghi invokes must inevitably give rise to secondary changes in the sphincter, and they, as far as I know, have never been described. I believe that the theory of mechanical obstruction is the true explanation of prostatic retention, but I feel that it is a mistake to attribute the blame to the middle lobe, which has been supposed to act as a ball valve. This does not explain retention in cases where no middle lobe is present, nor does the type of retention found in prostatic cases resemble what one would expect if the middle lobe acted as a ball valve. If it acted so, we must assume that it is swept into the urethral orifice by the force of the urinary stream. If this was the case, the first part of the act of micturition would be perfectly normal, but sooner or later the stream would be suddenly interrupted, and the interruptions would vary in number and intensity in a marked degree.
The best example of a " ball-valve " type of retention I have observed, occurred in a young man of 32. He had a firm compact papilloma, about the size of a cherry, which was attached by means of a long, thin, and very flexible stalk to the bladder wall, about a centimetre from the internal meatus. This growth was freely movable, and was often swept by the flow of urine against the internal meatus, and blocked the urethra completely. This patient had a most unusual type of micturition, and perhaps the most characteristic feature about it was its extreme variability. No two acts were exactly similar. For instance, a perfectly normal act of micturition might be followed by one in which the stream was interrupted two or three times. These interruptions were sudden and painful, and often the growth remained impacted in the urethra, and gave rise either to partial or complete retention. The amount of retained urine varied enormously. Occasionally there was none at all, but as a rule it varied from i oz. to 12 oz. The attacks of complete retention were also variable. He had as many as two in one day, perhaps separated by one or more acts of spontaneous micturition, but usually they occurred about twice a week. In every case the retention necessitated the passage of a catheter. The urinary stream was good and forcible. There was no diminution of its calibre, and no hesitation; in fact this patient could pass urine freely and easily, or not at all. All these symptoms were relieved by removal of the growth.
Thus we see that in almost every respect, the type of micturition in cases of " ball valve " retention differs from that observed in prostatic obstruction.
Both Legueu and Marion believe that prostatic retention is due to a combination of causes. Marion [3] considers that in the case of minute prostates the cause of the retention lies in the bladder sphincter, and he makes a point of removing it with the prostate. In cases of larger adenomata, he admits mechanical obstruction, and explains partial retention on the supposition that the detrusor becomes fatigued, and is no longer able to overcome the obstruction completely. He considers that complete retention is due to mechanical obstruction in cases where it is chronic, and to congestion if it is transitory. Legueu [4] invokes spasm or inextensibility of the bladder neck, which he considers acts in conjunction with the mechanical obstruct-ion :of the enlarged gland, but is unable to explain the phenomenon of partial retention.
From this very brief r6sume, it will be seen that there is no settled consensus of opinion as to the cause of prostatic obstruction.
AUTHOR'S THEORY. This theory depends upon two conditions being present. The first, that there is an intravesical projection of the prostate, or that the growth of the gland has raised the internal orifice of the urethra above the level of the surrounding parts of the bladder base. The second, that the tissues of the neck of the bladder, and of the surrounding parts, are soft and free from infiltration, and therefore their relative position can be modified to a slight degree by pressure. If these postulates are granted, I think that the mechanism of prostatic obstruction can be explained by the ordinary laws of hydrostatics. It is obvious that the second postulate excludes all cases of prostatic carcinoma, and many of fibrous prostatitis. In both these conditions the internal meatus and the upper part of the prostatic urethra are narrow and inextensible, and the retention is due in a great measure to this stenosis. In fact it resembles the type of reterntion occurring in cases of urethral stricture, more than that produced by the ordinary adenomatous enlargement of the prostate. The latter is the only type of retention I propose to discuss in this paper.
The bladder, like all other hollow muscular organs, exerts a definite pressure on its contents. This is due to the tone of its muscle fibres. The reaction to this pressure, if we exclude the force of gravity, is transmitted equally in all directions. Thus, each unit of area of the bladder wall sustains an equal amount of pressure, and this pressure is exerted at right angles to the plane of the wall at that particular spot. Now, supposing there is an intravesical projection of the prostate, and for sake of simplicity let us first of all assume that this projection has the shape of a regular cone, with the internal meatus at its apex. (I should mention that in this paper I am using the term "internal meatus " to mean the highest point at which the walls of the urethra lie in apposition. This is not necessarily the level of the sphincter vesicee. As the prostate enlarges, it may press the whole floor of the bladder upwards, without dilating the sphincter, but as a rule the sphincter is dilated, and it then only surrounds the base of the intravesical projection. In the former case the sphincter lies at the level of the internal meatus, in the latter it may lie far below it.) However, to return to our cone, the intravesical pressure acts at right angles to its surface, and is therefore directed downwards and inwards towards its axis, that is towards the urethra. This pressure can be resolved into two components, a horizontal and a vertical. The former acts at right angles to the course of the urethra, and the latter parallel to it. These two components must be considered separately.
The horizontal component is directed from all sides towards the upper part of the urethra, and has the tendency to close this part of the tube. In fact it has exactly the same effect as if an elastic band was stretched round the intravesical projection of the prostate, and the amount of compression that the urethra sustains is directly proportional to the tension and the thickness of the band, and inversely proportional to the resistance of the prostatic tissue to distortion. In this simile, the tension of the india-rubber band corresponds to the amount of the horizontal component per unit of effective area, and its thickness to the size of that area. Thus, the constricting force depends on two factors: (1) The intensity of the intravesical pressure as measured by a mano-nieter, and (2) the size of the intravesical projection of the prostate. From this it will be seen that straining, or any other cause which increases the intravesical pressure, tends to occlude the urethra, and it is only when the pressure is diminished by relaxing the muscles that the urine flows freely.
If, as we have assumed above, the intravesical projection is cone-shaped, the total constricting force can be easily calculated. It is P 7r R H, where P is the intravesical pressure as measured by means of a manometer, H is the height of the cone, and R the radius of its base. From this it will be seen that for a given intravesical pressure, the amount of the force constricting the urethra varies directly with the height of the prostatic projection, and also with the diameter of its base, but I hope to show that the former of these two factors (i.e., the height) is the more important. The constricting force is opposed by the resistance to compression and distortion of the prostatic tissue itself, and I think it legitimate to assume that the resistance increases as the thickness of the tissues is augmented. Now if we compare two cones with bases of equal diameter, but one of which is twice as high as the other, the constricting force in the case of the higher cone is double thtt of the lower; and as the mean thickness of the tissues is the same in both cases, the loss due to resistance is the same for both. Again, supposing both cones are of the same height, but the base of one has twice the diameter of the other, the constricting force is double in the case of the broad based cone, but as the mean thickness of the tissues is also double, a greater proportion of the force is lost in overcoming the resistance. From this I argue that in considering the effectiveness of the horizontal component of the pressure on the intravesical projection of any prostate, the height of the projection is more important than its diameter. As the prostate increases in size, and as its intravesical portion projects higher and higher into the bladder, the constricting force also increases, until, sooner or later, the walls of the upper portion of the prostatic urethra are so tightly pressed together that no urine can pass through it. When this happens the patient has complete retention, and the prostate acts as a " non-return " valve, which cannot be opened by any effort on his part.
It may, however, be argued that I am only dealing with a special type of intravesical projection, a type that is comparatively uncommon, and that what is true concerning this particular type is not necessarily true about others. I shall therefore endeavour to show that there is a tendency for the urethra to be constricted in all types, but that the amount of the constricting force varies according to the form of the intravesical projection of the prostate.
First let us take the case where the intravesical projection is still coneshaped, but the urethra instead of opening at its apex, opens at the bottom of a crater-like bollow. I shall make use of the simile of a volcano to make my meaning clear. In a volcano, the depth of the crater may be equal to the height of the cone, but usually it is much less. In the latter case we must consider the portion of the cone below the level of the floor of the crater apart from the portion above this level. In the lower portion of the cone, the pressure of the fluid is directed from all sides inwards towards the urethra, and is uncompensated save for the resistance of the tissues. In the upper portion, that is, above the floor of the crater, the constricting force is partially balanced by the pressure of the fluid within the crater itself. This acts in an outward direction, and tends to dilate the urethra. However, as the surface area of the crater is always less than that of the corresponding portion of the cone, the constricting force is the greater of the two. Even in the extreme cese where the floor of the crater descends to the base of the cone, this is true, and if we assume that the wall of the crater slopes at the same angle as that of the outer wall of the cone, it is possible to show mathematically that the constricting force is three times that of the dilating force.
The most common form of the intravesical projection of an enlarged prostate consists of rounded elevations of both lateral lobes, with or without a middle lobe lying between and behind them. These lobes are separated by deep clefts. In the case where the enlargement is confined to the lateral lobes, these clefts are two in number, and occupy the middle line in front of, and behind the internal meatus. If all three lobes are hypertrophied, there are three clefts, one anterior, and two postero-lateral. The internal meatus is not round, as I have hitherto assumed it to be, but is an antero-posterior slit in cases where the lateral lobes alone are hypertrophied, or an elongated triangle, with its base placed posteriorly, when a middle lobe is also present. The prostatic urethra is flattened from side to side, and forms a scabbard-like slit between the lateral lobes. Both these types of prostatic enlargement can give rise to complete retention, but I shall first discuss the type in which all three lobes are hypertrophied. The middle lobe is usually the highest point of the projection, while the lateral lobes form ridges extending forwards from it. These ridges end abruptly in front, and are separated from each other by a deep cleft, which usually extends right down to the floor of the bladder. The middle is separated from each of the lateral lobes by a cleft, which, however, is rarely as deep as that between the lateral lobes. In every case where there is marked retention, the lateral lobes will be found to lie in contact with each other up to a point considerably above the floor of the bladder. This can only be appreciated when there is no instrument in the urethra, and observations on the shape or form of an intravesical projection should be made, not through the cystoscope, but by direct inspection or palpation after the bladder has been opened. Now the effect of the hydrostatic pressure is to compress the whole of the intravesical projection. The lateral lobes are pressed up against each other, and the base of the middle lobe is wedged in between their posterior extremities. This means that the sides of the various clefts are pressed together, and fluid is effectually prevented from trickling through them. In fact, the greater the pressure, the more effectually they are closed. In this respect they resemble the gates of a canal lock. These gates point up stream, and can only be opened when the water pressure on both sides is the same. As long as the pressure on the upper side is greater than that on the lower they remain shut, and the greater the difference of pressure the more tightly they are closed. Thus any cleft the sides of which naturally lie together may be considered as non-existent. However, no cleft is completely "closed; " there is always a distinct V-shaped fissure at its upper extremity. This I call the "open " portion of the cleft. Now the effectiveness of an intravesical projection in causing retention depends on the height of the closed portions of the clefts. The portion of the prostate above this level may be ignored, as in it the constricting and dilating forces are equal and opposite. This is most easily seen if we consider a simple bilobed gland. If the lobes lie together, that is, if the clefts are closed, there is a tendency towards retention. The most effective pressure in this case is directed from either side inwards towards the middle line, and the urethra is squeezed as if it was caught in a vice. The reason being that the intravesical projection is oval, with its long axis directed from before backwards. If, however, the clefts between the lobes remain open right down to the floor of the bladder, then, no matter how large the prostate may be, there will be no retention and no residual urine. In this case the lateral lobes resemble a roof with a double span, and the outward pressure acting on the sides of the central valley exactly counterbalances the inward pressure on the outer side of each span. The lobes of the prostate are compressed but the urethra is not constricted. This is one of the reasons why a very large prostate may give rise to little or no retention, and as a matter of fact, I find there is a greater tendency for the clefts to be open in large rather than in small prostates. It also follows from this argument that if the middle lobe was cut off at the level of the upper limit of the closed portions of the clefts, there would be no alteration in the amount of retention present, but if on the other hand, it was removed by a V-shaped incision, in such a manner as to leave an open cleft between the lateral lobes, the amount of retention would be materially reduced. In fact, it would be reduced to zero if the open cleft extended down to the floor of the bladder. The same idea underlies both Bottini's operation and " forage " of the prostate. If by either of these methods an open cleft is established which extends down to the floor of the bladder the retention will be relieved, but no matter how this cleft is made, it soon becomes closed again because the continued growth of the lateral lobes brings them once more into contact. One cannot guarantee a permanent result from any of these operations so long as portions of the prostate, which can grow and obliterate the gap, are left behind. RESIDUAL URINE.
No theory of the mechanism of prostatic retention is complete or convincing unless it also explains incomplete retention. When considering the phenomenon of residual urine, we must take into account the effect of the vertical component of the intravesical pressure on the enlarged prostate. Fortunately the action of this component is not so complicated as that of the horizontal. It simply acts as if a weight was placed on the top of the intravesical projection, which tends to compress the gland and makes its upward projection less prominent than it would be if the bladder were empty. In other words, the greater the intravesical pressure the less the prostate projects into the bladder, and as the pressure is relieved by draining away the fluid, the intravesical projection rises higher and higher. I have noticed this phenomenon time and again and it can be demonstrated during almost any prostatectomy. The method I adopt is as follows: A small incision is made into the bladder, which has previously been distended with lotion, and into this opening the finger is immediately inserted. If this is done rapidly, not more than a few drachms of fluid will escape. The intravesical projection of the prostate can then be palpated. If a catheter is introduced, or if the fluid is allowed to escape alongside the finger, the projection will be found to grow steadily larger as the bladder becomes emptied. This is most noticeable in cases where the gland is moderately enlarged. In many cases the lateral lobes do not appear to project at all when the bladder is distended, but form definite rounded elevations when it is empty. This point can also be demonstrated by means of cystograms. Three exposures should be made, the first with the bladder completely filled with opaque solution, the second when it is half empty, and the third with just sufficient fluid to outline the prostate. In taking these cystograms, care must be taken that the position of the patient relative to that of the X-ray tube is not changed between the exposures. On comparing the plates it will be found that there is a definite elevation of the internal meatus as the bladder is emptied, and also that the prostatic lobes at the same time become more prominent.
The effect of this increase in the height of the intravesical projection is to impose a greater obstruction to the outflow of urine as the bladder empties. It may be argued that as the contents of the bladder are evacuated the pressure in it is reduced, and that this reduction must also be taken into account. However, this is not the case. The truth of this statement will be realized once the total effect of the two components are compared. I have already shown that the horizontal component, the constricting force, is P 7 H R, where P is the intravesical pressure, H the height of the intravesical projection, and R the radius of its base. The vertical component, on the other hand, is independent of the height of the prostatic projection, but is proportional to the area of its base. If, as we have assumed, the base is circular, this component is equal to P 7r R2. These two components are to a certain extent antagonistic. The horizontal constricts the urethra and is the prime cause of the obstruction, while the vertical, in that it diminishes the height of the prostatic elevation, diminishes the value of the horizontal component. The amount of obstruction in any case, therefore, depends on the ratio of these two components to each other, or in other words on the ratio H/R. Now during micturition there is no change in the value of R, as the area of the base of the intravesical projection does not alter, but H steadily increases, therefore the ratio H/R becomes greater and greater as the bladder empties. This means that the resistance to the flow of urine increases during the act, and if it becomes so great that the stream is completely stopped before the bladder has been emptied, the patient will then have residual urine. It is well known that the amount of residual urine may remain unchanged for considerable periods of time. I have watched cases where it has not varied more than a few cubic centimetres in eighteen months. This simply means that the 'ratio H/R has not altered during the time. The increase in the amount of residual urine caused by congestion, &c., merely indicates that the ratio has been altered by the temporary increase in the height of the intravesical projection.
THE DISPARITY BETWEEN THE SIZE OF THE PROSTATE AND THE
AMOUNT OF RETENTION CAUSED BY IT. It is well known that the amount of retention is not proportional to the size of the prostate. A tiny gland may give rise to complete retention, while some enormous prostates are ornly accompanied by a slight amount of residual urine. The discrepancy is at once explained by this theory. The amount of retention is not proportional to the size of the gland, nor even to the size of its intravesical projection, but to the ratio H/R. The greater this ratio, the more marked the retention becomes. Now if we compare once more the intravesical projection to a cone, the ratio H/R is simply the tangent of its basal angle and the measure of the steepness of its sides. Therefore the amount of retention is proportional to the steepness of the prostatic elevation. The more abruptly it rises into the bladder the greater the obstruction, and the more gradual its slope the less the amount of retention becomes.
In cases where a small prostate gives rise to marked obstruction, I have invariably found that its intravesical projection rises almost vertically from the base of the bladder and forms a thin-walled cuff surrounding the urethra. It may only be a few millimetres high, and as its base is also small these tiny projections have usually been considered insufficient to account for the symptoms. However, this type of projection forms a remarkably efficient valve and effectually prevents the passage of urine. In fact it resembles the ileo-ciecal valve, which is formed by a partial invagination of the small intestine into the ceecum. The invaginated portion forms a cuff surrounding the orifice. I have been so much impressed by the efficiency of a valve of 'this nature that I have endeavoured to copy it when implanting a divided ureter into the bladder. The ureteric stump is sutured into the wouna in the bladder wall at a point about a centimetre from its lower end. The terminal portion projects freely into the bladder and is not anchored in any way.
If the prostate is large, it is often found that the intravesical projection is comparatively small as compared with the size of the whole gland, and that it rises from the bladder base in a gentle slope. In such cases the amount of retention is slight, as would be predicted by this theory. Again, the greater part of a large intravesical projection may be ineffective. In these large glands there is a tendency for the clefts between the lobes to remain " open " for the greater part of their length. This applies especially to the anterior cleft between the lateral lobes. Now it is only the lower portion of such a projection that has any influence in causing obstruction, and in this type of gland also, the amount of retention would be slight. I therefore feel that this theory explains the disparity between the size of the prostate and the amount of retention it causes.
CONCLUSIONS.
(1) That the urinary pressure acting on the intravesical projection of an enlarged prostate tends to constrict the urethra.
(2) That the height of the projection is more important in this respect than the size of its base.
(3) That when the bladder is full, and the urinary pressure at its maximum, the intravesical projection is not so prominent as when it is empty.
(4) That residual urine is caused by the ascent of the intravesical projection during micturition, and when this reaches a certain height, the pressure constricts the urethra, and prevents the bladder from being completely emptied.
(5) That the amount of obstruction does not depend on the size of the prostate, but on the proportion that the height of the intravesical projection bears to the radius of its base.
